Beijing has been publishing daily reports on its air quality since 2000, and while the air pollution index (API) shows that the air quality has improved greatly since 2000, this is not the perception of Beijing's residents. The new national ambient air quality standard (NAAQS-2012), which includes the monitoring of PM2.5, has posed stricter standards for evaluating air quality. With the new national standard, the air quality in Beijing is calculated using both NAAQS-2012 and the previous standard. The annual attainment rate has dropped from 75.5% to 50.7%. The spatial analysis of air quality shows that only a background station could attain the national standard, while urban and suburban stations exceed the national standard. Among the six pollutants included in the NAAQS-2012, PM2.5 is the major contributor to the air quality index (AQI) comparing with the five other pollutants. The results indicate that under previous NAAQS without PM2.5 monitoring, the air quality has improved greatly in the past decade. By considering PM2.5, the air quality attainment has dropped greatly. Furthermore, a great effort is needed for local government to bring down the PM2.5 concentration.
Introduction
Air pollution has become a major concern for residents living in Beijing. Among the major air pollutants are particulate matter (PM), sulphur dioxide, nitrogen oxides, and carbon monoxide. PM is composed of various chemical components, and can profoundly affect people's living environment in terms of air quality and visibility [1, 2] . PM10 are particles with aerodynamic diameters less than or equal to 10 μm, consisting mainly of smoke, road dust, and pollen. PM2.5 are particles with aerodynamic diameters less than or equal to 2.5 μm, and are more likely to be linked to respiratory diseases than PM10. Numerous studies have demonstrated that long-term or even short-term exposure to ambient air with high PM concentrations, especially high PM2.5 concentrations, can increase the risk of morbidity and mortality [3] [4] [5] [6] [7] [8] [9] . For example, in China, fine particulate matter is believed to affect the health of adults and children [10] , and long-term exposure to both PM2.5 and PM10 has adverse effects on human health [11] . Moreover, many diseases such as atopic asthma, cardiovascular disease, and sudden mortality could be associated with the increase of particulate matter in ambient air [12, 13] .
Beijing, the capital of China, has a population of more than 19 million [14] , and has experienced rapid economic development over the past three decades. During this period, the total number of vehicles has increased rapidly, releasing exhaust pollution to the urban atmosphere [15] . At the same time, the population increase has increased coal energy consumption in Beijing, where coal is the main energy source, especially for heating in winter [16] . Along with the rapid development in the economy and of energy consumption, the air quality in this city has begun to attract public attention. Air pollution in Beijing has been found to vary with seasons and months, reflecting weather conditions and human activity. During the haze-fog period, the chemical components of air pollution in Beijing are deeply affected by nearby cities [17] . Seasonal variations are also found in air pollution in the city [1] . Biomass, including wheat straw burning, is also associated with air pollution in Beijing [18, 19] . In other words, air pollution in Beijing is affected by local weather and regional air pollution other than local factors, which makes it difficult to manage the air quality in the city. It is also necessary to analyse air quality variations during past years to systematically characterize the annual, seasonal, and monthly patterns of air quality in Beijing [20] . However, current research on the variations in air quality mainly focus on data within one or two years, with little attention paid to long-term variations [21] [22] [23] [24] [25] .
In the February of 1998, weekly air quality reports became available to the public in Beijing, taking into account Total Suspended Particles (TSP), nitrogen oxides, and sulphur dioxide. On 5 June 2000, Beijing began to report its daily air quality publicly at the request of the former State Environmental Protection Agency of China (now the Ministry of Environmental Protection of China) on its official website (http://www.bjmemc.com.cn/), providing the daily air pollution index and information on primary pollutants when the Air Pollution Index (API) was larger than 50 according to the National Ambient Air Quality Standard (NAAQS-1996). The monitored pollutants have now been changed to PM10, nitrogen dioxide, and sulphur dioxide. This daily report provides a unique way to investigate the variation in air quality in Beijing over the past decade. However, PM2.5, carbon monoxide, and ozone were not included in China's national air quality monitoring until January 2013. Therefore, the API was used to analysis changes in Beijing's air quality from 5 June 2000 to 14 January 2013. From 18 January 2013, according to the new National Ambient Air Quality Standard (NAAQS-2012) released by the Ministry of Environmental Protection of China, Beijing began reporting hourly air quality data, including the Air Quality Index (AQI, replacing API), and concentrations of PM2.5, PM10, ozone, sulphur dioxide, nitrogen dioxide, and carbon monoxide.
In this study, we collected daily API data for Beijing from 5 June 2000 to 14 January 2013 and hourly AQI data for Beijing from 18 January 2013 to 31 December 2013. There was a three-day break in the data, from 15 January to 18 January. Daily averaged API values after 18 January were recalculated from hourly pollutant monitoring data from Beijing urban monitoring stations to obtain the full range of API from 2001 to 2013. A comparison of air quality under NAAQS-1996 and NAAQS-2012 is demonstrated in this study with air quality monitoring data in 2013. Furthermore, the spatial distribution of each pollutant and AQI at each station is also analysed.
Data and Methods

Data
Daily API data were collected from 5 June 2000 to 14 January 2013 at the data center of the Ministry of Environment Protection of China (http://datacenter.mep.gov.cn/report/air_daily/air_dairy.jsp). Data from a total of 86 cities were publicized on this website and can be downloaded freely, including data from Beijing at the very beginning. In total, there are 10 years of daily API report data. For this period, PM10, sulphur dioxide, and nitrogen dioxide were included in the calculation of API. The API of each pollutant mentioned above is calculated following Equation (1):
where LAPIp is the individual air pollution index for pollutant P, Cp is the concentration of pollutant P, BPHi and BPLo are the nearby high and low values of Cp shown in Table 1 , and LAPIHi and LAPILo are the individual air pollution indexes in terms of BPHi and BPLo shown in Table 1 . After obtaining individual air pollution indexes for PM10, sulfur dioxide, and nitrogen dioxide, the API is calculated using Equation (2) . When the API is greater than 50, the pollutant with the largest individual air pollution index is denoted as the primary pollutant. When the API is less than 50, no primary pollutant is reported in the daily report. In NAAQS-1996, an API value less than or equal to 50 indicates attainment of the Grade I standard. API values falling in the range 50-100, 100-200, 200-300, and larger than 300 are called Grade II, Grade III, Grade IV, and Grade V standards, respectively. A daily averaged API less than or equal to 100 (Grade I and Grade II standards) indicates attainment of the national air quality standard, and is called a "Blue Sky" day. From 1998, Beijing launched a "Defending Blue Sky" campaign to report the "Blue Sky Index", describing the number of "Blue Sky" days in Beijing. In that period, there were only 100 "Blue Sky" days in Beijing. In 2012, the Beijing Municipal Environmental Protection Bureau released the number of "Blue Sky" days in Beijing for the last time, demonstrating that the number of "Blue Sky" days had increased to 286, which is contrary to the public awareness that citizens in Beijing are suffering from terrible air quality. In February 2012, the Ministry of Environment Protection of China released the new NAAQS (NAAQS-2012), adopting new air quality monitoring and calculation methods. In January 2013, Beijing launched a new monitoring system and adopted stricter evaluation standards. Under the new NAAQS of China, besides PM10, sulphur dioxide, nitrogen dioxide, PM2.5, ozone, and carbon monoxide are all included in the air quality standard. The index describing air quality is called the AQI and can be calculated similarly to the API following Equation (3):
where IAQIp is the individual air pollution index for pollutant P, Cp is the concentration of pollutant P, and BHHi and BH Lo are the nearby high and low values of Cp shown in Table 2 . The maximum IAQI of the six IAQIs (PM2.5, PM10, O3, SO2, NO2 and CO) in one day is selected as the daily AQI, similar to Equation (2) . From January 2013, China has publicized both real time air quality data (including real time AQI and concentrations of the six pollutants at one-hour intervals) and daily air quality data from 74 major cities, including Beijing, on its web platform. From 2014, the number of cities publicizing air quality data has increased to 190. For Beijing, a total of 12 monitoring stations is included on this platform to provide real time monitoring data from Beijing. The distribution of the monitoring stations is shown in Figure 1 . In total, there are 12 national air quality monitoring stations in Beijing, among which eight are urban stations (marked red in Figure 1 ), three are suburban stations located in a suburban town north of Beijing (marked purple in Figure 1 ) and one background station is deployed at Dingling, far away from human activity (marked green in Figure 1 ). 
Methods
The annual, seasonal, and monthly API of Beijing from 2000 to 2013 was investigated for the first time in this study. As the API was replaced by the AQI beginning in January 2013, we use the hourly monitoring air quality data to recalculate the API in 2013 for each day using Equations (1) and (2) . Among the 12 monitoring stations, the background station in Dingling is not included in the calculation of API because it is little affected by human activity and does not represent the ambient air quality affected by humans.
"Blue Sky" days are an important index for assessing air pollution control performance. It is reported that the number of "Blue Sky" days in Beijing has increased from 185 days in 2001 to 286 days in 2011, after which "Blue Sky" days were removed from the air quality assessment system. By utilizing API daily report data from 2012 and real time monitoring data from 2013, the "Blue Sky" days of 2012 and 2013 are calculated to present the air quality trend. Furthermore, air quality attainment days and air pollution levels for 2001 to 2013 are also investigated. The NAAQS-1996 and NAAQS-2012 are different in the attainment level of air quality. With real time monitoring data of 2013, the air quality attainment days and air quality pollution levels in 2013 under the two NAAQS are also presented and compared to evaluate the new NAAQS impact on air quality assessment. Additionally, the spatial variation of air quality is also included in this study.
Results and Discussion
Air Pollution and Quality under NAAQS-1996
The annual, seasonal, and monthly API and In the NAAQS-1996, days with level 1 (API less than or equal to 50) and level 2 (50 < API ≤ 100) air quality are called attainment days. Days with air quality falling in the range of level 3 (100 < API ≤ 200), 4 (200 < API ≤ 300), and 5 (API > 300) are non-attainment days. Attainment days are called "Blue Sky" days. Table 3 [26, 27] , however, the frequent haze-fog events seem to be inconsistent with the "nominal" improvement of air quality. The reason for this maybe the neglect of the inclusion of PM2.5 as pollutant in the NAAQS-1996 when the PM10 concentration drops but PM2.5 concentration is still high in Beijing. As a result, NAAQS-2012 is proposed by adding PM2.5, CO and ozone monitoring data from 2013. It is therefore necessary to compare the two versions of NAAQS to better understand the results by adopting different air quality standards to evaluate the real improvement in air quality in the past decade. Table 3 . "Blue Sky" days and attainment days in Beijing. 2001  185  12  173  157  23  2002  203  22   22  181  143  19  2003  224  27  197  136  5  2004  228  33  195  121  17  2005  234  36  198  122  9  2006  241  26  215  100  24  2007  246  32  214  108  11  2008  274  62  212  84  8  2009  285  47  238  75  5  2010  286  53  233  73  6  2011  286  76  210  74  5  2012  281  86  196  81  5  2013  271  58  213  84  7 
Year "Blue Sky" Days Level 1 Days Level 2 Days Level 3 Days Level 4 and 5 Days
Spatial Variation and Assessment of Air Quality under NAAQS-2012
As the air quality data before 2013 is the daily average of all monitoring stations without specific data from each station, the spatial pollution distribution of different monitoring sites is not available for days before 2013. After January 2013, data from the 12 real time monitoring stations are publicized on the web platform at one-hour intervals. Most of the monitoring data have been downloaded, except for a few days when the network system was down.
In this paper, we divided the monitoring stations into three categories: a background station, urban stations, and suburban stations. The distribution Station IDs of these monitoring stations are shown in Figure 1 . Background station (Station No. 12) located around the Ming Tombs far away from human activities. Seven urban stations are placed at the main urban regions 150 m away from the main road. The remaining three suburban stations are placed at suburban counties. Atmospheric pollutions of urban and suburban stations are more likely to be affected by local sources. AQI is the comprehensive index for evaluating air quality. From Figure 5 , only the background station Dingling has an annual average AQI less than 100, which is the attainment value for the daily report. For urban stations, the annual average AQI are all greater than 120, except for Aoti station, which is 110. Dongsi station (Station No. 5) has the maximum annual average AQI of 160. For suburban stations, the annual average air quality values are better than those of the urban stations, ranging from 100 to 110. As the new NAAQS states, an AQI value greater than 100 is considered to be unhealthy. Thus, the annual average air quality at the urban and suburban stations all exceed the national standard. Air qualities of urban stations are systematically larger than those of suburban stations. The annual air quality of the background station with an annual AQI of 96 just meets the new national standard. This result indicates that under the new NAAQS, the air quality in the urban and suburban areas where most residents live is not healthy at all. As shown in Figure 6 the annual average PM2.5 concentration of each monitoring station has a trend similar to that of AQI: the background station has the lowest PM2.5 concentration, and the urban stations have PM2.5 concentrations much greater than that of the suburban and background stations. Dongsi station's (Station No. 5) annual average PM2.5 concentration is the greatest among all the monitoring stations. This indicates that in Beijing, PM2.5 contributes the most to the AQI, and PM2.5 is the primary pollutant under most circumstances. Furthermore, PM2.5 concentrations of urban stations are higher than those of suburban stations except for that of Shunyi Stations. The northern stations (suburban stations), from Figure 6 , were less polluted than those southern stations (urban stations), suggesting that there may be some pattern in the spatial distribution of the particulate matter in Beijing. The new NAAQS defines that a daily average PM2. 
Air Quality Assessment Comparison between Two Versions of NAAQS
The new NAAQS released in 2012 will greatly bring down the air quality attainment rate in Beijing by introducing restrictions on PM2.5, CO, and ozone. This fact is known to the local and central governments, and the new NAAQS is facing great opposition from local governments, who are less concerned with this issue. However, pressure from the public has forced local governments to compromise. Here, we simply present a comparison of the air quality assessments between two versions of NAAQS. Under NAAQS-1996, the number of air quality attainment days was 262 (18 January to 31 December, 2013, 347 days in total). The attainment rate is 75.5% under the NAAQS-1996. The numbers of days attaining level 1, 2, 3, and worse than 3 are 54, 208, 80, and 5, respectively. That is to say, the number of days attaining the level 2 standard is greater under NAAQS-1996. Additionally, under NAAQS-1996, there are only five days with air quality worse than the level 3 standard. However, under NAAQS-2012, the number of attainment days decreased sharply to 176, a reduction of nearly 25%. The attainment rate is 50.7% under the new NAAQS. The number of days attaining levels 1, 2, 3, and worse than 3 are 31, 145, 76, and 96, respectively. These are reductions of 24 (44.4%) and 63 (30.3%) for level 1 and level 2 days, respectively. The number of unhealthy days with air quality worse than the level 3 standard, on the other hand, increased from 5 to 96. In sum, the new NAAQS decreased the number of attainment days significantly, and sharply increased the number of unhealthy days and extremely unhealthy days. This indicates that under the new NAAQS, the number of days with bad air quality increased sharply, posing a difficult problem to the efforts by local governments to control air pollution.
Conclusions
Air pollution is a major concern for the residents of Beijing. According to the API under NAAQS-1996 for China monitoring of PM10, sulfur dioxide, and nitrogen dioxide, the air quality in Beijing improved in 2007 and has since attained the national standard. The "Blue Sky" days with an API less than or equal to 100 has increased from 185 in 2001 to 271 in 2013. However, this result is different from that perceived by residents. By employing NAAQS-2012 from January 2013, we are able to compare the two versions of NAAQS. By adopting the new NAAQS, the annual attainment drops from 75.5% to 50.7%. This result suggests that although the official attainment days indicate an improvement of air quality in Beijing as a whole, the real reason is highly likely that PM2.5 concentration was not included in the NAAQS-1996 standard. With the NAAQS-2012, the air quality in Beijing in 2013 drops sharply to around 50%. Thus, the official improvement announced is thus caused by inadequate air quality standards and the NAAQS-1996 standard may be problematic in evaluating the real air quality compared with NAAQS-2012. Furthermore, NAAQS-2012 poses a difficult challenge for local governments to improve air quality in order to meet the new national standard.
Beginning in 2013, hourly data from 12 monitoring stations have been downloaded in real time from the platform of the Ministry of Environmental Protection of China, and the data are used to analyze the spatial distribution of air pollutants, considering each monitoring station. Under the new national standard, only the background station in Dingling has attained the national standard. Air quality at the urban and suburban stations could not achieve the national standard. Among six pollutants, PM2.5 is the major contributor to the AQI, and the annual average PM2.5 concentration at all stations except the background station exceeds the national standard of 75 μg/m 3 . The rest of the pollutants all achieve the national daily standard (IAQI less than or equal to 100). These results show that, for Beijing, PM2.5 is a major issue to be considered in improving air quality. However, the NAAQS-1996 has not included PM2.5 concentration, making it problematic in evaluating the real air quality in Beijing where PM2.5 is the major contributor to the air quality. The comparison results show that air quality in Beijing is still poor according to NAAQS-2012 with high concentrations of PM2.5, as opposed to the great improvement that was claimed to have been achieved according to results generated by NAAQS-1996. To better understand the long-term air quality variation of Beijing, PM2.5 concentration must be taken into account.
